Food extracts from spices and teas were examined for the taste altering ability on sweet, umami and bitter tastes by using the taste sensation test. The idea arose based upon the findings that 1) some food extracts from spices and teas act as salt taste enhancers and 2) the enhancing effect is directly proportional to glutamate decarboxylase 67 (GAD67) activity in vitro. Our results indicated that those extracts significantly activated or inhibited GAD67 enzyme activity were able to alter sweet, umami, and bitter tastes.
Introduction
Food supplies important nutrients and energy to sustain life for humans. Human eating behaviors vary depending on social circumstances and cultural environments.
In Japan, several decades ago people used to have struggled to obtain enough food to satisfy their needs, but nowadays they can choose to eat from foods available in their daily lives.
The purpose of eating gradually has shifted from satisfying huger to concerning nutritional aspects as well as enjoyment of eating, and taste becomes a critical factor in eating.
Five basic tastes, sweet, sour, bitter, salty, and umami, have been established (1) . 
Preparation of GAD67
Recombinant rat brain GAD67 was After the centrifugation, the supernatant was collected, where an appropriate amount of the aliquots was placed into the vial and injected to HPLC for GABA analysis as described previously (8) . Area of the GABA peak was compared to that of the standard GABA and the amount of GABA produced per incubation time was estimated.
Together with protein assay data obtained by Bradford method (BioRad), specific activity of GAD67 was calculated as expressed mol/min/mg. Bovine serum albumin was used as a reference protein for the protein assays.
Evaluation of the effects of food extracts on

GAD67 activity
Effects of food extracts on GAD67 activity was evaluated by carrying out the enzyme assay in the presence of an appropriate amount of food extracts. The amount of GABA produced was compared with that obtained without the addition of the food extracts. Any increase or decrease in GAD67 activity was referred to relative activity ratio (%) where no change in activity was expressed as zero and any inhibition was expressed as a minus % number.
Taste sensory test
Seventeen extracts obtained from the spices, herbs and teas were examined for their effects on human taste sensation (9).
Basic tastes for sweet, umami and bitter were 3% sucrose, 0.08% MSG and 0.05% caffeine, respectively (Table 2 ) (10-12).
Reagents used were commercial grade purchased from NacalaiTesque, Ltd. Each of the extract solutions was diluted with ultrapure water to the appropriate concentrations and placed in a paper cup.
Typically, about 20 ml was supplied for the Fig.2 Effects of food extracts on GAD67 Activity GAD67 activity is plotted in the presence and absence of food extract. Increased or decreased activity is indicated as positive or negative number in %, respectively. Water was used in place of food extracts as control that gave 100%.
tests. Detailed test procedure is described as follows:
(1) Sensory test subjects were selected from a group of students ranged in age from
19 to 21 at Mimasaka University where the tests were performed. They agreed with the purpose of this study. They were volunteers and did not receive any special training prior to the tests. The study was approved by the Mimasaka University Ethics Review Committee.
(2) The sensory test was proceeded according to the guideline "Fact of Food Sensory Test to Measure the Taste" (13).
(3) Subjects were allowed to repeat the tests if they were not fully confidence of the results.
(4) Tests were limited to three or four times in order to avoid fatigue of the subjects.
(5) The test site was at the cooking laboratory on campus, where room temperature was kept at 23-24 °C. All tests were performed between 9:00 and 12:00 a.m.
(6) Test results were statistically processed according to the two-sample preference test (14). (7) The subjects proceeded the sensory test protocol as follows:
1. Rinsed mouth with ultrapure water 2. Take the first tasting solution into mouth trying to spread over the entire surface of the tongue, and spit out or swallow it.
3. Rinse mouth with ultrapure water, then, take the second tasting solution into mouth.
4. Complete the sensory evaluation sheet in three step scale, "strong", "same"
and "weak" on any changes.
Results
Search of spices that affect the activity of
GAD67
We have examined if spice, herb and tea extracts influenced the activity of GAD67 by incubating with those ingredients and measured any changes in GABA production with and without the extracts (Fig. 2) . Yuzu peel, anise, cumin, and celery raised GABA production whereas rose rugosa, chamomile, lemongrass, oolong, and oregano showed strong inhibition.
Among the examined, a small number of the extracts activated GAD67 activity. The level of GABA production varied among the extracts. GABA contamination in the extracts was considered; however, it is Our results support the idea that spice or tea components have an impact on GAD67 activity in vitro.
Sensory test
We conducted a sensory test in which 30 female college students answered the strength of sweet, umami and bitter tastes,
whereas the 17 extracts were tested due to Table. 3 Change in the sweet taste sensitivity by food extracts （n＝30） The subjects were evaluated three levels "strong", "same" and "weak" the strength of bitter taste after tasting the food ingredients. enhancing effect of sweet taste Relationship between activity of GAD67 and enhancing effect of sweet by Food Extracts. Enhancing effect of taste by the food extract is subtracted a ratio of panelists who evaluated that taste was weak from the rate of them who evaluated that taste was strong. Enhancing effect of sweet taste points = strong -weak /n (number of subjects) their affects on GAD67 activity. Table 3 . Those who tasted the extracts of all 17 extracts answered that anise, poppy seed, celery, mace, lemongrass and oolong tea enhanced sweet taste. On the other hand, Table. 4 Change in the umami taste sensitivity by food extracts （n＝29） The subjects were evaluated three levels "strong", "same" and "weak" the strength of bitter taste after tasting the food ingredients.
enhancing effect of umami taste Relationship between activity of GAD67 and enhancing effect of umami by Food Extracts . Enhancing effect of taste by the food extract is subtracted a ratio of panelists who evaluated that taste was weak from the rate of them who evaluated that taste was strong. Enhancing effect of umami taste points = strong-weak /n (number of subjects)
over 60% of the test subjects responded that basil, chamomile, ginger and rosa rugosa weakened sweet taste. It is evident that spices, herbs and teas could alter sweet taste.
(2)Umami taste L-Monosodium glutamate solution at concentration of 0.08% was used as an umami compound. This concentration was chosen as it was above the threshold (0.03%) (10, 11) . Subjects were asked to taste the umami solution in the absence and presence of an appropriate amount of each of the extracts. The subjects marked "strong" Table. 5 Change in the bitter taste sensitivity by food extracts （n＝29） The subjects were evaluated three levels "strong", "same" and "weak" the strength of bitter taste after tasting the food ingredients. enhancing effect of bitter taste Relationship between activity of GAD67 and enhancing effect of bitter by Food Extracts . Enhancing effect of taste by the food extract is subtracted a ratio of panelists who evaluated that taste was weak from the rate of them who evaluated that taste was strong.
Enhancing effect of bitter taste points = strong -weak /n (number of subjects) and "weak" when they sensed umami taste being enhanced and diminished, respectively. Table 4 summarized is involved via producing GABA in type III cells, and some spice extracts exhibit salt enhancing effects. This finding has encouraged us to study the roles of spices in relation with tastes on human subjects.
We have measured the potency of taste for each of the extracts in the sensory test.
The potency of taste was derived by subtracting the number of subjects who responded that the extract "weakened" the taste from the number of subjects who reported that the same extract "enhanced".
An index of the enhancing effect of taste by the food extract was thus calculated based upon the taste potency that was divided by the total number of subjects (Tables 3 -5 In addition to the roles of spice and tea extracts on sweet, umami and bitter tastes as described above, the relationship between the effect on GAD67 activity (Fig. 2) and each of the examined taste sensations were 
Sweet Taste
We examined whether or not the effects of those food extracts on sweet taste have some of correlation with GAD67 activity.
When the sweet taste potency vs relative activity for GAD67 are plotted (Fig. 3) 
Umami Taste
We examined if the umami taste was affected by GAD67 activity and/or GABA.
The effects of the extracts on GAD67 relative activity ratio were plotted against those on umami taste potency. As a result, there was no correlation between the GAD67 relative activity ratio and the umami taste potency (Fig. 4) . It is of interests to note that the degree of umami taste was not affected when GABA alone was added (18, 19) . This suggests that GAD67 activity and 
Bitter Taste
Bitter taste is sensed by the type II cells since they express receptors for bitter taste.
We have examined if effects of food extracts on bitter taste would be affected by GAD67 activity and/or GABA. For this purpose, effects of each of the food extracts on GAD67 relative activity ratio was plotted against those on bitter taste potency (Fig. 5) .
As a result, there seems to be no relationship between the GAD67 relative activity ratio and bitter taste potency (Fig. 5) for the 17 spice food extracts used for the sensory test.
In addition, the degree of bitter taste was not affected even when GABA was added (18, 19 ). This suggests that bitter taste transduction pathway may not be influenced by both GAD67 activity and GABA.
From the present study, it is suggested that GAD67 and GABA may not take part in sweet, umami or bitter taste signal transduction, where GAD 67 is projected in the type III cells and GABA is received by the type II cells. Our present experiments have focused on the effects of the extracts from spices, herbs and teas upon the defined taste sensation. Since there was a limitation in the taste sensory testing method, we were not able to clearly identify the involvement of GAD67 and GABA on the taste signal transduction; however, our present data does not deny any possibility that GABA may be involved in "contrast effect" known in cooking field.
